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NUMERICAL PROBLEMS 


10.1 The time period of a simple pendulum Is 2s. What will be Its length on Earth 
will be its length on the moon if gu = ge/ 62 Where ge = 10ms°. 

Solution: 

Given Datai- 
‘Time period of simple pendulum = t = 2 sec.'The gravitation all acceler 
well as on moon should be included in given data, 

Required:- . ; 
(i) Length of pendulum on earth + 4. 4? 

(i) Length of pendulum on moon # Ay + 

Formula:- | 


co oe 
g 


Solution:- 
(1) For Earth 


What 


ation on earth as 


[=e 2n fj 
Lu. . 
By taking square on both sides, We have 


[ ee 


or 


dn 
By putting the values, We have 
(2) «10 


‘ a 


4x (3.14) 

_ 4x10 
4x 9,86 
i-=).02m 

(it) For Moon 
ms dnl, 


u 


j= Te 

8 deg? 

By putting the values, we have 
(2) «16 6.44 

"  4x(3.14y) 39.44 

{sO 7m 
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Result:- 
Length of pendulum on earth =/. = 1.02 m 


Length of pendulum on moon = /,, 0.17 m 


10.2) A pendulum of length 0.99 m Is fale to the moon by an astronaut, The period of 


the pendulum is 4.9s, What is the value of g on the surface of the. moon? 
Solution: 


Given data: : 
Leneth of pendulum on moon = /,, = 0.99m 
Time period = 4. 9see 
To Find: 
Value of g on moon = g =? 
Formula: 


T2227 /- 
X 
Cafeulation: 
(),99 
4.9seu = 2» 3] —— 
Vg 
ae: . 
4eqd fd)? 20,99 


U2 sees 


(4.9) . | 4% 


5 


wee 1.63 my 
Result: 
Value of g on moon = g¢ = 1.6 ms” 
10.3 Find the time seine of a simple pendulum of I meter length, placed on Barth and 
on moor, The value of gon the surface of moon is. 1/6" of its value on Earth, When 
vis bums, ; 
eadihin 
Given data: 
Length of pendulum = fs bm 
Value of g on earth = 10 mys: : 
Value of g an moon = 1.62 ms” 
Fo find: 
Nine period on garth Ty =? 
; Tame period on moon Py. 7? 
Formula: 
Culculation: 


Atkarth: 
| oper Es 
| Arty Oe 


T, = (6. 28) V0.1 7 
Ty = (6.28) (0.316) 
T, = 1.985 see. 
T, = 2sece. Ans 

At Moon: 


y 
& HY 


; | 
Ty = 203.14) Je 


T=2(3.14)V0.6172 
T 24.9 see 
Results: 
Time period on earth = Ty = 2see 
Time period on moon = Ty = 4.9 see 
10.4 A simple pendulum completes one vibration-in two seconds. Calculate its length when 
g = 10.0 ms 
Solution: 
Given data: 
Time period = T= 2see 
v= 10 ims" 
To Find: 
Length of simple pendulum = L =? 
Calculation: 


g 
Squaring on both sides 
; ae | 
Ee 4 Ds x et, 
& 
Tg 


47° 
_ (2) x10 
~ 4x(3.14)9° 


_ Ax\0 
A «9.85 
/= 1.02 m 
Result: — | 
Length of simple pendulum = /= 1.02 m, 


10.5 If 100 waves pass through a point of a medium In 20 seconds, what Is the frequency 
and the time perlod of the wave? If Its wavelength Is 6cm, calculate the wave speed. 
Solution: | 
Given data: 
No. of waves = 100. 


Time = 20s 
Wavelength = 4 = 6em = 0.06 m 
Required: . 


Wave speed=v=? 
Formula: 


fee 
= 
72100 
~ 20 
f= 5Hz 
io 
t 
peal 
> HS 
T = 0.2 see. 
V =? 
Ve) 
V=5 x 0.06 
Wedh3 ns, 


10.6 A wooden bar vibrating into the water surface in a ripple tank has frequency of 
12Hz. The resulting wave has a wavelength of 3cm. What is the speed of the wave? 


Solution: 


Given data: . 
Frequency f= 12 Hz 
Wavelength =A = 3cem = 0.03 m 

Required: 

Speed of wave = v =? 

Formula: 

Vent 

Calculations: 
v =(0.03) (12) 
V = 0.36 m/s 

Results: 

Speed of wave Is 0.36 m/s 


10.7. A transverse wave produced on a spring has a frequency of 190 Hz and travels 


nlong the length of the spring of 90m, In 0.$s. 

(a) What Is the period of wave? 

(b) What is the speed of the waye? 

(c) Whatis the wavelength of the wave? 
Solution: | ‘ 
Given data: 

lrequenes = Pe 190 Ee 

Lenuth » f = 90m 

lime zt: 08s 
Required: 

(1) Pune periodot wave e? 

(1) Speed of wave = Vor? 

(iii) Wavelength of wave oa 2? 
Calculations: 

(i) Time period: 


~» 


[= dil 

hep 

Te 0.008 

P= (O18 
(ii) Speed of wave: 

Ve d/ 


V-= 90/05 
V - 180 nvs 
(iii) Wavelength: 


rEN/L 
A > 80/190 
7 = 0.95 im 


Results: 
lime period is 0.018: speed of wave is 180 m/s and wavelength of wave is 0.95 m 
10.8 Water waves ina shallow dish. are 6.0 cm long. At one point, the water moves up 
and down ata rate of 4.8 oscillations per second, 
(a) What is the speed of the water waves? 
(b) What is the period of the water waves? 
Given data: 
Lenuth of wave = d= 6.0 em = 0.06 m 
Frequency = P= 4.8 HM 
Required: 
(1) Speed of waves =? (1) period of waves =? 
Calculations: 
(i) Time period: 


‘fel 


(11) Speed of waves: 


V=d/t 

V = 0.06/0.21 

V =0.29m/s 
Results: 


Time period is 0.21 s and velocity is 0.29 m/s 

10.9 At one end of a ripple tank 80 cm across, 5 Hz vibrator produces waves whose 
wavelength is 40mm. Find the time the waves need to cross the tank. 

Solution: 

Given data: os 


Length =1=80cem=6.8m 

Frequency = 1 = 5Hz | 

Wavelength = 2 = 40mm = 0.04 m 
Required: 


Time taken = t = ? 
Calculation: 

As we know that v = fA 

V = (5) (0.04) = 0.2 m/s 


And 
; v=d/t 
So, t=d/\ 
t= 0.&/0.02 
t=4s 
Results: 


Time taken ts 4s. 
10.10: What is the wavelength of the radio waves transmitted by an FM station at 90 MHz? 
Where 1M = 10°, and speed of radio wave is 3 x 10°ms". 
Solution: 
Given data: 
Frequency = f= 90 MHz =9 x 10’ Hz 
Speed =v = 3 x 10*m/s . 


Required; 
Wave length = 4 =.? 
Formula: 
_As we know that 
= fn 
Ae wit 


Putting values: 
Calculation: 


jp nO 
9xI0 
3x10"! 
9.0 
2 = 3.333m 
Results: 


Wavelength is 3.333m 


UNSOLVED NUMERICAL PROBLEMS 


Q.14.1 A current of 3mA is flowing pumeuey wire for | minute. What is the ere flowing 
through the wire? 
Solution 


Given Data 
Current =1=3mA 
1=3x 10° A (.. milli=m= 10°) 
Time = =t=I!min 
. Tt x 60 = 60 sec. 


Required: 
Charge =Q=? 
Formula 
i=2 
T 
= Q=I1«x 
Q=3x i¢ x 60 


Q = 180 x 10° C Ans 
Q. 14.2 At 100,000 Q how much current flows through your body if you touch the terminals 
of a 12-V battery? If your skin is wet, so that your resistance is only 1000 Q, how 
much current would your receive form the same battery? 
Solution: 
Given Data 


R, = 100, 000 
V = 12 volts 
R> = 1000 2 


Required 


(a) Formula: 


(b) Formula: 


Q.14.3 The resistance of a conductor wire is 10 MQ. If a potential difference of 100 volt is 
applied across its ends. Then find the value of current passing through it in mA. 


Solution: 


Given Data 


Required: 


Formula 


V=IR 
hese 
R 
V 
| =— 
R, 
>. 12 
' 100,000 
. 42 
* 10 
I} =12x 10°A 
I, =1.2 x 107A Ans 
V=IR 
mes 
R 
naa 
Ra 
, = 
* 1000. 
Ip= 12x 10°A 


I,Z=1.2 x 10 2A Ans 


Resistance = R= 10 MQ = 
Potential difference = V = 


Current =1 =? 


100 
10x10° 
1=10x 10° 


1=107x 10° A 


[2 sak 


V= IR 
= [=— 
1=10°A 
] 
[=—— 
10° 
100 


1=0.01 mA 


Q.14.4 By applying potential difference of 10 V across a conductor a current of 1.5A passes 
through it. How much energy would be obtained from the current in 2 minutes? 


Solution: 


Given Data 


V = 10 volt 

l= 1.5 Amp 

Time = t = 2min = 2 x 60 = 120 sec. 
Required: . 

Energy = W =? 
Formula: 

W=IRt 

W =I(IR)t 

W=lI(V)t 

. = (1.5)(10) (120) 

=1800J = Ans. 


Q.14.5 Two resistances of 2kQ ia are joined in series, if a 10V battery is connected across 
the ends of this combination, find following quantities. 

(a The equivalent resistance of the series combination. © 

(b) Current passing through each of the resistances. 

(c) The potential difference across each resistance. 


Solution: 


Given Data 


Value of first resistance ~ = R} =. 2KQ=2x107Q 
Value of second resistance — R2 = 8KQ = 8x10? 
_ Potential of battery . = V = 10V | 
Required: : Se 
(a) Equivalent resistance in series = = Re = 2 
(b)Current through each resistance = | = ? 
(c)Potential difference across first resistance = Vi = ? 
Potential difference across second resistance = - V2 = ? 
Formula: © 
(a) Equivalent resistance = “Re = R, +R3 
Re = 2KQ + 8KQ 
= lOKQ 
Hence equivalent resistance is 1OKQ 
(b) As the circuits is in series so same value of current will pass through each 


resistance, 
= V = IRe . 


By putting value 


10 
| “op ee 
10x 10° 
l = 1x 10° 
| = ImA 
(c) Potential difference across first resistance = V,;=IRi= 1 x 10> x 2x 10° 
= aN, 
Potential difference across second resistance - = V2 =IR2 
= 1x 107 x 8x 10°. 
8V 


Hence current through each resistance is I1mA and potential difference across first 
resistance is 2V and potential difference across second resistance is 8V. 
Q.14.6 Two resistance of 6kQ and 12kQ are connected in parallel. A 6V_ battery is 
connected across its ends, find the values of the following quantities: 


(a) Equivalent resistance of the parallel combination. 
(b) Current passing through each of the resistances. 
(c) Potential difference across each of the resistance. 
Solution : 
Given Data 
R, = 6KQ=6x 10°Q 
Re. += I2KQ=12x10°Q 
Vv = 6V 
(a) . Equalvalent resistance Re ae” (2 | 
(b) Potential differnce across Ry 3 = Vi; = i 
Potential differce across © Rz «© = V2. = ? 
(c) Current through resistance Ry = l = 2 
Current through resistancer — R> 7 I; = a 


(a) Formula: 


| 
R. RR, 
ew it 
foe 610° 12105 

= 2st | 

7 12x10 

- 3 

- 12x10 
Lo | 
Ro 4x10" 


Hence equivalent resistance is 4KQ 
(b) As the circuit is parallel so potential difference across each resistance 1s equal lo 
potential of battery, 


V = V,=V2=6V 
‘ . : Vi 
(c) Quantity of current through first resistance = I, oe 
: | 
6x10° 
= 1x10 
1, = ImA 
. , ; | . ‘ ; : : V, 
Quantity of current though second resistance 5 = R. 
— “28. 
12x10? 
a gavin 
. 2x10? | 
= 0.5-x 17 
I, oe 0.5mA 


Hence quantity of current is ImA and 0.5 mA 

Q.14.7 An electric bulb is marked with 220V, 100W. Find the resistance of the filament of 
the bulb. If the bulb is used 5 hours daily, find the energy in kilowatt-hour 
consumed by the bulb in one month (30 days). 

Solution 

Given Data . 
Voltage of bulb = V = 220V 
Power of bulb i: = P 
Daily use of bulb = t = 5h 
No. of days for bulb 3 

Required:. ; 
Resistance of bulb filament = R = ? 
Energy consumed by bulb 


es) 
II 
So) 


Formula 


But according to Ohm’s law 


So 


By putting values 


100 
48400 
- 100 
R = 4840 
Time in 30 days = 30 x 5 = 150 hours 
Power (Watt) x time (hour) 
1000 
150x100 
. 1000 
7 ISkWh 
= 15kWh 
Q.14.8 An incandescent light bulb with an operating resistance of 95 Q is labeled “150 W.” 
Is this bulb designed for use in a 120-V circuit or a 220-V circuit? Explain with 
calculations. (it has’been designed for 120 V as is evident form the power formula 
i.e.(P =V1). Ans. 
Solutions: 4 
Given Data 


Energy in kilowatt hour = 


R=95Q. 
Power = P = 150 W 
Required: 
For which voltage bulb is designed = ? (120V or 220V) 
Formula: | ‘ 
P=IR 
150 = 1°(95) 
150 
= Sf 
: 95 
I> = 1.5784 
JP =V1578 
] = 1.2565 
V = IR 
Vv = (1.2565)(95) 
Vv = 119.37volt 
Vv = 120volt 


This bulb is designed for 120V 


Q.14.9 A house is installed with 

(at) 10 bulbs of 60 W each of which are used 5 hours daily. 

(b) 4 fans of 73W each of which run 10 hours daily. 

(c) One T.V. of 100 W which is used 2 hours daily. 

(d) one electric iron of 1000 W which us used hours daily. 
If the cost of one unit of electricity is Rs. 4. Find the monthly expenditure of 
electricity (one month = 30 days) 


Solution 
Given Data 
Power of 10 bulbs = 60 x 10 = 600 W 
Power of 4 fans ne ae: = 300 W 
Power of | iron = 1000 x | = 1000W 
Pow erorl ty = 100 x | = 100 W 
Price of per unit = Rs.4 
rd Required: 
Monthly cost of electricity of house = ? 
Formula: . 
Energy consumed by bulb = HOWeE ay Au meant) neeouy) 
1000 
_ 600x5x30 90000 
7 1000 ~~: 1000 
= 90 unit 
Energy consumed by fans = POWal aly) ume sewy) 
1000 
aoe _ 300 10x30 601000 
- 1000-1000: 
= 60 Units 
- Energy consumed by T.V = ud aes eee 
1000 - 1000 
= 15 units 
Total consumed energy 1n units os 90 +90 + 60+ 15 
oS 255 Units 
Price of electricity | = 255 x 4 = 1020 Rs. 


Hence total price of electricity is 1020 rupees. 


Q. 14.10 A 100 W lamp bulb and a 4 kW water heater are connected to a 250 V supply. 


Calculate 

(a) The current which flows in each appliance and 

(b) The resistance of each appliance when in use 
Solution: . 


Given Data 


Power = P, = 1OOW (lamp) 
Power = Ps = 4hW (heater) 
Py=4dx 10'W 
V = 250 Volts 
Required: 


(it) | ; = 2 
|, 2) 
(b) IR, = 
IRs =") 


Formula: . 
Current in Lamp; (1) 


ean 
Py= VE, 
wee a P 
= . 
100 
240) 
1, =O4A Ans. 
(il) Current in heater; (12) 
P= VI 
= Vin 
P. 
Shas 
V 
_4«10 
250 
1, = 0.016 x 10°A 
1, = 160A Ans. 
(b) Resistance of Lamp; (Ry) 
V=IR 
V=TR, 
250 =(0.4)R, 
a 
90) R, 
().-4 
6250) | 


(c) Resistance of heater; (R2) 
V=IR 
V= I,R3 
250 = 16(R2) ; 
Reliae 

«(16 
15.625Q =R: Ans. . 
Q.14.11 A resistor of resistance 5.6 Q is connected across a battery of 3.0 V by means of wire of 
negligible resistance. Current of 0.5 A passes through the resistor. Calculate the 


5 


(a) power dissipated in the resistor 
(b) total power produced by the battery _ 
(c) Give the reason of difference between these two quantities. — 


Solution: Given that, 
Resistance R = 5.60 


Voltage V ov 

Current | =(0.5A 

Required: 

(a) Power dissipated P =? 

(b) power produced by the battery P =? 

(c) Why these two quantities differ - =? 
Calculations: : 
Using the formula 
P=VI | 
We know that 

V=IR 

P=(°R 


By putting the values 
P =(0.5A)" (5.62) 


= 0.25A x 5.62 

P= 1.4W Ans. 
(b) Using the formula 
P= VI 


By putting the values 

P=3V70.3A 

P= 1.5 WAns. | 

(Cc) Because some power is lost by the internal resistance of the battery 


; NUMERICAL PROBLEMS 


15.1 A transformer is needed to convert a mains 240 V supply into a 12V supply. If there 
are 2000 turns on the primary coil, then find the number of turns on the secondary 
coil. 

Solution: 

Given Data: 


V, = 240 V 
V,=12V 
N, = 2000 
Required: N, =? 
Formula: 
N,_Y, 
Nae N 
Ns = YSXNP _ 122000 _ 99 
Vp 240 


15.2 A step-up transformer has a turn ratios of 1:100.An alternating supply of 20V is 
connected across the primary coil. What is secondary voltage? 


Solution: 
Given Data: 
N:N,=1:100 
=20V 
. Required : 
V.=? 
Formula 
Lies - 
N. 100 
Veen Ne 
Vy N 
Bes P 
N «Vy 106 
fs f= 0 30 
NG | 


p 


V. = 2000 Volt Ans 


15.3 A step —- down transformer has a turns ratio of 1:100. An ac voltage of amplitude 


170V is applied to the primary. If the current in the primary is ~ ee what Is the 
current in the secondary? 


Solution: 
Given Data: 


N.2N,=1:100 
Mic aalts 
Ni, 100 
Vy,=170v . 
Ip=ImA=1x 10° A 
Required “ 
l=? 
Formula 
ber Ne 
V, ON, 
Vv atx, 
i, 
=—_x170=1 
100 


For an ideal transformer 
Power of primary =Power of secondary 


IpVp = IsVs 
Wey 
rad 


1x10 x170 2 
1.7 
0.1A=1, => I, =0.1A Ans 
15.4 A transformer, designed to convert the voltage from 240 V a.c. mains to 12V, has 
4000 turns on the primary coil. How may turns should be on the secondary coil? If 
the transformer were 100% efficient, what current would flow through the primary 


coil when the current in the secondary coil was 0.4A? 


f 


4 


Solution: 
Given Data: 
Vp = 240V 
V,=12V i 
N, = 4000 


Required: N=? 
Formula: 


x, 12x4000 


Ny = = 
v, 240 

N, = 200 Ans 
lee 
l= O4A 
P= Ps 
pW = bs 

LV 04x12 
[jp=--= 

V 240 
1, = 0.02 A 


15.5 A power station generates 500 MW of electrical power which is fed to a transmission 
line. What current would flow in the transmission line if the input voltage is 250 kV? 
Solution: 
Given Data: 
V = 250 x 10°V 
Power = P = 500 x 10°W 
Required: 


Formula: P=1V 


500x10° | 
250x10° 
2x10 A= => /=2KA Ans 


15.6 The diagram shows a wind turbine which a 150 kW generator with an output 
voltage of 1000V. The voltage is increased by transformer T; to 10 000 V for 
transmission to a town 5 km away through power lines with a total resistance of 
2Q. Another transformer, T, at the town reduces the voltage to 250V. Assume that 
the transformers are ‘Ideal’ when the system is running at full POWER: (Figure from 
the textbook page 

Solution: 

Given Data: 
Power = P = 150 k W 
P=150x 10°W 
At Ty Vp = 10000 V 
= 29) 
At. Ts Vs = 250 


VA 


(a) 


(b) 


ENUMERICAL PROBLEMS| 


A normal conversation sound intensities of about 3.0 x 10° Wm", | What is the 
decibel level for this intensity? What is the as of the sound for 100 dB? 
Given Data - 
Intensity of sound = I = 3.0x10° wm? 
Intensity of faintest sound = = To =10'wn' 
Required — G 

Intensity level = L-L, =? 
Solution e 

As we know that’ 


“2 


Pein 
3x 10% wen® 
10? yt 


3x10° 
~L-L,:=10log) ——— 
- | lo" } . 
= 10log(3x 10°") dB ; 
=10log(3x10°)aB: 


- =10x6.474B 
=64.7dB 


= 100g dB 


'’ Given Data 


Intensity level L - L,-= 100 dB a. 
Intensity of faintest audible sound = 1, = 10°?’ win? 
Required  s . 
Intensity of given sound = | = ? 


+ 1x19'° 


11.2 


Solution 
We know that 


— L-Lo=10 log — 4B - 


100 ge 3 10 log ota 
— = = log Leo 
10 10°? wm” 
= log f ae 
oF 


igs loglO? x7 


E,) 


Taking antilog on both Wie 
Antilog 10 = Antilog [tog(1 10" x!) | 
x10 =107F 0 ee | 


10” 
P=ixtqr 
1=0.01Wm? | | 
If at Anarkali.bazaar Lahore the sound level is 80 dB, what will be the intensity 
level of sound there? 

Given Data : . 
Sound level = L - L,= 80dB- ae 
Intensity of faintest audible sound = I, = 10°'’wm™ 
Required Intensity of sound =1=? © 
Solution We know that 

L-L,= 10 log al 7 


a 


80 att = 10 log 
ses ee 

10 lo? wm? 

8 = log (10? x /) 
Taking antilog on both sides 
Antilog 8 = Antilog | log (10"* x 1)| 


10° =10"x/ 
10" 
vis 
/=10°" 
7 =10°Wmn 2 


ae | 
107° wm 4 


_4J Ata parucular temperature, the speed of sound in air is 330ms". If the wavelength 
of a note is Scm, calculate the frequency of the sound wave. Is this frequency lies in. 
‘the audible range of the human ear? 
Given Data 
Speed of sound = v =330 ms"! 
Wavelength = 4 = 5cm 


= mar = 0.05m 
100 
Required 
. Frequency = f=? 
Solution . | | 
_ We know that | | ; - 
v=f2 “4 
ee ee 
A 
a 330ms 
0.05m 
= 6600s" s!=Hz 


f = 6.6x10° Hz 
yes this frequency lies in the range of human ear. : 
11.4 A doctor counts 72 heartbeats in 1 min. Calculate the nreduency and ses of | the 
heartbeats. 
Given Data 
No of heartbeats = n = 72 
Time = t =1 min . 
"i 1x 60sec = = 60sec 
Required 
Frequency = f=? 
Time eno T=? 
Solution 
We know that 


1,25" 
T =:0.833:sec. 


A marine survey ship sends a sound wave straight to the sea bed. It receives an echo 
1.5s later. The speed of sound in a sea water is 1500 ms", Find the depth of the sea 
at this position. 


Given Data: 

Time taken=t=1.5s 
Speed = v= 1500ms’ 
Required: 
Depth of sea water =h= 
Solution: 

As we know that 

S=vt 

= (1500) (1.5) 

= 2250m 


For hearing. echo, thet minimum depth from sea bide to ae must be half of this depih 
(2250m) ; j 


h=—. 
a3 


_ 2250 


2 
=h=| 125m 
A student clapped his hands near a cliff and heard the eens. after Ss. What i is the 
distance of the cliff from the student if the speed of the sound, v is taken as 346 ms ae 
Given data: 

Time taken =t = 5s 
Speed = v = 346 ms"! 


_ Required: 


Distance =d =? 
Solution: 
As we. know that. 
S=vt. 
= 346x5 
S$ =1730m 
For hearing echo, the minimum distance from obstacle to the source of’ sound must be 
half of this distance o 730m). : 


11.7 A ship sends out ultrasound that returns from the ices and is detected afte 3.42s, 
If the speed of ultrasound through seawater is 1531 ms’!, what is the distance of the 


seabed from ship? 
Given data: 
Time taken = t = 3.428 
Speed = v = 1531 ms"! 
Required: : 
Depth of sea water =h=? 
Solution: 
As we know that 
S = vt c 
= 1531 x 3.42, 
-= 5236.02 m / 
For hearing echo, the minimum depth from. sea ssh must be half of this distance 
(5236.02m) | 
h=— 
2 
_ $236.02 
ar: 
h=2618m 
. 11.8 The highest frequency sound humans can hear is about 20,000 Hz. What is the 
wavelength of sound in air at this frequency at temperature of. 20°C? What is the 
wavelength of the lowest soune® we can-hear of about 20 Hz? Assume the speed of 
sound in air at 20°C is 343 ms 
Given Data 
Highest frequency =f, = 20,000 Hz 
Lowest frequency = f) = 20 me 
Speed of sound = v = 343 ms" 
Required 


Wavelength of highest eis NS 
Wavelength of lowest frequency = A, =? 
Solution: . 
We know that v; = f)A, . 
=> Ae. ae 
A st 
z 343ms! 
20,000s" 
i= 0.01715 m= 1.7 x 102 m 


343 ms’ 
- 20s" 
= 17.15m 
= 17.15 m 
11.9 A sound wave - frequency of 2 kHz and wavelength 35¢m. How long will it take to 

travel 1.5 km? | 
Given Data: 
Frequency = f= 2 KHz. 

= 2x 10°Hz. 


Wavelength = i 35 cm ee 0. 35m 
Distance ='5 = i, 5 Km = 1.5 * 1000m = 1500 Km 


Required: . “i Oe ie der as 
Time =t= 2 Si ees 2 
Solution: . 
We know that . 
(Ve E> u | 
= 2oe10? H Hz x 0.35 m © in seth Page eg Hz=s" 
a ee 700 ms" | 7 a 2 
Aes, i igh i‘ 
SS Met: : a 
1500 m= 700 ms” xt 
, = 1500m — 
700.ms” 


2.) sec 


tl. 


NUMERICAL PROBLEMS 


[2.1 An object 10.0 cm in front of a convex mirror forms an image 5.0 cm behind the mirror. 
What is the focal length of the mirror? 


Solution: 
Given tha: 
Distance ofobject p=10cm 
Distuiice of image — q =—5 cm (For convex mirror) 
To Find: | 
Focal length f= ? 


Calculations: Using the formula 


a en 
fp 9 
By putting the values 
ee eee 
fr ~10em Sem 
i-2 
7 10cm 


1 = 


f 10cm 
f=-l0cm Ans, . 


12.2. An object 30.0 cm tall:is located 10.5 cm from a concave mirror with focal length 
16.0cm. (a) Where is the image located) (b) How high is it? 

Solution: Given that, — - 

Object height ho = 30 cm 

Distance of object p =10.5cm 

Focal length f =l6cm 


: Mes 
Dts bo natus 


(a) Distance ofimage q=? 
(b) Image height hi =? 
Calculations: (a) Using the formula 
1 J J 
Or —=—+— 
q P 


By putting the values 


| | 


| 
q \6cm 10.5cem 


Oe: we Be 


g 16cm 105¢em 


_ 105-160 
(16)(105)cem 


s -55 
 (16)(105) cm 
q= 30.54 cm Ans. 


(b) we know that 
image hegith _q 
objectheight — p 
or , LE ae 
: hp 
by putting the values YL 
fh, _30.54cm 


30cm 10.5cm 


_ 30.54cem 
10.5¢m 


hj = 87.26cm Ans. - 


h, x 30cm 


12.3. An object and its image in a concave mirror are of the same height, yet inverted, when 
the object is 20.0 cm form the mirror. What is the focal length of the mirror? 


Solution: given that, 
Distance of object p = 20 cm 
Distance of image q =20 cm 
To find: focal length f =? 
Calculations: using the formula 
Eek eas 
f Pp 4 
By putting the values 
| | | 


+ 
20cm 20cm 


i: 


4 


I+] 


20cm 


5) 


20cm 
20cm 
9 


~ 


10 cm Ans. 


fo= 


r 


12.4 Find the focal length of a mirror that form an image 5.66 cm behind a mirror of an 
object placed at 34.4 cm in front of the mirror 


Solution Given Data: 


Distance of the image form the mirror = q = 5.66 


Distance of object form the mirror = q = 34.4 cm 
Required Data: 


Find out the focal length of the mirror = ? 


Formula: : at 
Pop q 
Calculations: By using the above formula 
l | 
ee ee 
fF pq . 
As the image is formed behind the mirror, so it would be convex mirror, so q and f are all 
negative. 
=-5.66cm 
p=+34.4cem 


By substituting values in above equation, we get: 
| | | 


| 
f 5.66 34.4 


| _9.177+0.029 
fa 

; . 
—=-—(),148 

f 
f=-6.77cm 


12.5 An image of a statue appears to be 11.5 cm behind a convex mirror with focal length 


13.5 cm. find the distance form the statue to the mirror. 
Solution: Given that, 


Distance of image q =-11.5 cm (For convex mirror) 


Focal length f=13.5¢ 


Yo Find: Distance of object p =? 
Calculations: Using the formula — 
ee are 
= Se 
t p q 4 


p of q 
By putting the values 
l l | 


+ 
p 13.5cm 11.5cm — 


11.5 + 13.5 
(13.5) (11.5)em oN 
25 : 
155.25cm - 
155.25cem 
25 
p. = 6.21 cm Ans. 


12.6 An image is produced by a concave mirror of focal length 8.70cm. The object is 13.2 

cm tall and at a distance 19.3 cm from the mirror. (a) Find the location and height 

_ of the image. (b) Find the height of the image produced by re mirror if the object is 
twice as far from the mirror. 


Solution: Given that, 
Focal length f= 8.70 cm | 
Object height hy = 13.2 cm . . 


Distance of object p = 19:3.cm 
To Find: : 
(a) (1) Location of image q =? 


(11) Height of image hh=? ~ 
Calculation: (i) Using the formula 


l 1 | 
| . f p . q _ / 
a Daald re 
— =--- 
. f op re 
By putting the values acy | 
2d : 4 
= + | 


8.7cem 19.3cm 


IS.1.7 \ capacitor holds 0.00 coulombs of charge when fully charged by a 9 volt battery. 
Calculate capacitanee of the capacitor. 

Solution: Given that, 
( hares =0.00'C 
Voltage Vo =9V 

Yo Find: Capacitance C =? 


Calculations: Using the formula 


Q=CV 
< 
By putting the values 
0.06C 
Cee 
Oy 


C= 6.67 » 10°’ F Ans. 
13.1.8 \ capacitor holds 0.03 coulombs of charge when fully charged by a 6 volt battery. How: 
much voltage would be required for it tg hold 2 coulombs of charge? 
Solutions: Given that 
Charee = Q = 0.03 C 
Vollaze V = 6V 
To Find: Voltage to hold 2C of charge V = ? 
Calculations: Sines 


eG, ON 


OV 
1 | ( ria 
03 
| u OF 
Neat ees 
03 
I200V 


y 


) 


\Vo- 400 VOAns, 


12.7 Nabeela uses a concave mirror when applying makeup. The mirror has a radius of 
curvature of 38.0 cm. (a) what is the focal length of the mirror? (b) Nabeela is 
located 50cm from the mirror. Where will her image appear? (c) Will the image be 
upright or invited? 


Solution: Given that, 
Radius of curvature R = 38 cm 
Distance of object -p = 50 cm 
To Find 
(a) Focal length f=” 
(b) Distance ofimage  q = ? 
(c) Nature of image = ? 


Calculation (a) Using the formula 


R . 
f=— . 
ys . 
. 38cm — 
or = 
2 
f=19cm Ans 
(b) Using the formula 
| | | 
=e SS Ee 
if q p 
| LA 
Or Sa SE me es 
ee. le 6p 
By putting the values 
a | | 
q 19cm 50cm> 
7 SQ. — 19 
(19) (SO)cem 
7 3] 
950cm 
98cm 
q= = 
3] 
q = 30.64cem — Ans 
(Cc) Jecauise Magynificauon mM = ul IS positive, so Image will be upright. 


Pp 


12.8 An object 4em high is placed at a distance of 12cm form a convex lens of focal length 
8em. Calculate the position and size of the image. Also state the nature of the image. 
Solution: Given that, . 


Height of object ho = 4om 
Distance of object =p = 12cm 
Focal length Ff =8cem 
To Find 
(1) Position of image q=? 
(11) Size of image hy =.? 
(i) Nature f the image = . 
Calculations: (i) Using the formula 
Fe th etd 
eee + — 
fo op 4q 
oe 
Or —=~—-— 
q f p 
By putting the values 
SOE a ele ea 
q  8cm 12cm 
7 12-8 
(8) (12)cm 
ee, 
96cm - 
_ 96cm 
eee 


. q= 24cm Ans. 
(1) We know that 


By putting the values 


hj = aad x 4cm 
12cm 
h, =8cm Ans 


(iii) | Since the lens in convex and size of image ts larger than tlie size of the object, therefore, 
image formed is real, inverted and magnified , 


12.9 An object 10cm high is placed at a distance of 20cm from a concave lens of focal 


length tSem high is placed at a instance of 20 cm from a concave Iens of focal length 
15cm. Calculate the position and size of the image. Also state the nature of the 


image. 
Solution: Given that. 
Size of object ho = 10cm 
Distance of object p = 20cm : 
Focal length f = -15 cm (for concave lens) 
To Find 
(1) Politico of image q=? 
(it) Size of image h, =? 
(i) Nature ofimage | 0 
Calculations: (i) Using the formula 
ne eg | 
ant (ae ge eke 
fo op q 
; | oe | 
or —=—-— 
q f p 


I | 


q 15cm 20cm 
Hie 
60cm 


= -57cm_ Ans. 
(it) We know that 


p 
Or he xh, 
p 


_ -8.57cm 


h}=4.28cm Ans 
(iii) | Since the lens is concave and object is larger in size than the size of the image, therefore, 
the image in virtual, eract and diminished. 
12.10 A convex lens of focal length 6cm is to be used to form a virtual image three times 
the size of the object. Where must the lens be placed? 
Solution: Given that, , 
Focal length f=6cm (For virtual image) 
Distance ofimage a= 3p 


Yo Find: Distance of object p =? 
Calculations: Using the formula 
ia a | 


Pop q 
By putting the valuses 
— | 
——=— + 
6cm p 3p 
silage 
6cm 3p 
Late 
6cm 3p 
Or 3p = 12°cm 
I2cm 


p = 4cm_ Ans. 

12.11 A ray of light from air is incident on a liquid surface at an angle of incidence 35°. 
Calculate the angle refraction if the refractive index of the liquid is 12.5. Also 
calculate the critical angle between the liquid air inter-face. 

Solution: Given that, . 
Angle of incidence i = 35° 
Refractive index n = 1.25 


To Find 
(1) Angle of refraction r= ? ~ 
(11) Critical angle C=? 
Calculation: (i) Using Snell’s law 
. sini 
—————_— = n 
f 
Orsinr= —— 
n . 
By putting the values 
2 sin(35") 
1.25 
0.57 
sin r = —— 
125 
= 0.456 
r = sin’! (0.456) . 
Pra 2 abo 
(11) For critical angle. We know that 


sin C = (+) 
on 


12.12 The power of a convex lens is 5D. At whit distance the object should be placed from 
the lens so that its real and 2 times larger image is formed: 


Solution: 


To Find: 


Calculations: 


or C= sin! (<) 
An 


By putting the values 


Z i" [ | | 
= sin —— I, 
1.25 


= sin’ (0.8) 
C=52.13° Ans 


Given that 

Power of the lens p = 5D 
Sizeofimage q=2p 
Distance of object p =? 
Using the formula 


Power of lens p = 


or 5= : 
. f 
or f= u 
5 

or f = (0.2m 


. 
= io x100 cm = 20 cm 


Now using the formula 
Pell 


Fog 
By putting the values 
I 
20cm 
| 
20cm 
| 3 


20cm 2p 

2p = 60 cm 
— 60cm 
2 


p =30cm 


a 


2p 


: 
Pp 
? 


Ans. 


ra ES = 


NUMERICAL; PROBLMES 


13.1.1 Phe charge of how many negatively charged particles would be equal to 100uC . Assume 
Shui ge- One egal’ parce. Way los -€ ? 
Solution: Given that. 
Potal Charge Q = 100 pC 
Charge on an electron e = 1.6% LOC 
To find: No. of negauv.ely charged particles n =? 


Calculations: Using the formula 


Q=ne 

( 

()r mh = = 
eG 


By putting the values 


lag 10°C 
ee 


sea mene a 


10 10 0" 
1.6 


| . 
= —v10 
1.6 


| 
= Sel 0062510" 
a) 


n= 6.25 x 10 Ans 


13.1.2 Two point charges g, =l0uC and g,=5yC are placed at a distance of 150 cm. What 
will be the Coulomb's force between them? Also find the direction of the force. 


Solution: Given that . 
First point charge = g, =10pC = 10x10° = 1x 10°C 
Second point charge = gz = § uC = Scle eC 


130em 


Distanee r= TS0 em = a = 1849 


Proportionality constant = k= 9x LO) Nmo C7 


To Find ; 
(1) \lagmitude of Coulomb’s torce b=? 
(11) Direction of Coulomb's foree = ? 


Calculations: According to Coulomb's law 
qq) - 
F = a I, I: ; 
tts 
By putting the values 
HxeO Nie  RLeLOC Cx Sx 10"C 


(1.5m) 


F= 


9x10° Nov x10 > x 5x 10° 


2.25m 
— 457 100N 
2 “ 
45 
“2a. 


F=0.2N Ans 


The direction of cowomb’s force is direction of repulsion 


18.1.3 Phe force of repulsion between two identical positive charges is 0.8 N, when the charges 
Are 0.1m part. Find the value of each charge. 
Solution: Given that, 
Poree =F =0.8N 
Distance between the charges r= 0.1 m 
Proportionality constant = k =9 x 10’ Nm’C? 
To Find: Value of each charger = q =? 
Calculations: Using Coulomb's law 
pasa 
ie . 
Since the charges are identical, therefore. g; = q2 = q, thus 


4 


Fak 
= 
Or Fxre=9x 10° Nine? » q 
Or q oie 


9x10" NnvrC 
By putung the values 


- 0.8Nx(U.1m) 


3 


orient ean 
9x10 Nim C™ 
0.8 00) 
Smee a 
— 0.008 
Gx dQ 
LOOM jG 
Ce Gina: hese oe 


\ y 
Gates HOC Ans 
P3140 Pwo charges repel cael: other with a force of 0.1 N when they are Sem apart. Find the 
forces between the same charges when they are 2 em apart. 
Solution: Given that. 
Foree F —Oek N 
‘ 


Distance feos con the charges roo Sem = 


n= 0.05 m 
0) 


To Find: Forces between the charge when they are 2 cm or 0.02 m apart F =’? 
Ccdlcolations: Necording to cotdomb’s law. 

- ft & . 
1 kK: 
: | 

ys pute the vialttes 


‘| ¢ 
Bites SE ire of pe 


(U.08mn ) 


0.1x(0.05) 


Or qiq2 = 
9x10” 
Now force between the charges 
F= k aE 


e 
By putting the values 
(0.1)x(0.05)° C? 


F=9 x 10” Nm’C? x Se 
| 9x10 (0.02m) _ 


(0.1)x(0.05)" 
= ++ N 
(0. 02)" 
F = 0.62 N Ans. 
13.1.5 The potential lat a point in an electric field is 10° V. If a charge of +100uC is brought 
from infinity to this point. What would be the amount of work done on it? 
Solution: Given that, 
Electric motential Vo= Lo! Vv 
Charge q = +100 uC = 100 x 10°C =1x 10°C 
To Find: Work done W =? 7 
Calculations: Using the formula 


Gent 
q 
Or W=qV 


By putting the values 
ve 10 Cx 10 C 
= 1J Ans. 
13.1.6 A point ee of +2C Is transferred from a point at seleitil 100V toa point at potential 
50V, what would be the energy supplied by the charge? 


Solution: Given that, . es 
Charge q . =+2C 
Potential at point A Va —=100V. 


Potential at pointB Vg .# =50V 
To Find: Energy supplied by the charge E =? 
Calculations 
Using the formula 
b= q(V, ~ Vs) 
By putting the values 
FE = 2C(100V - 50V) 
E = 100) Ans. 


\ capacitor holds 0.06 coulombs of charge when fully charged by a 9 volt battery. 


ee 
Calvulite capacitance of the capacitor 
Solution: Gaven that. 

nN hare (0 = 0.06 C 


Voltage Vo= 9 
Yo Find: Capacitanee C =? 


Calculations: Using the formula 


O=cy 
Or ( = Q 
\ 


By putting the values 
0.06C 
9y 


C= 6.67 » 10°" F Ans, 
13.1.8 \ capacitor holds 0.03 coulombs of charge when fully charged by a 6 volt battery. How: 


much voltage would be required for it tq hold 2 coulombs of charge? 


Solutions: Given that 
Charye = Q = 0.03 C 
\Vollaze V = 6V 
To Find: Voluwe to hold 2C of charge V = ? 


Calculations: Since . 
QOOS¢ - 6V 


()r 


y 


Vo -lOO VOUARS, 


15.1.9 Two capacitors of 6:F and l2uF are connected in seties: with’ 12V battery; Pind the 
equivalent capacitance of the combination, Find, ‘he, :Pharge ‘atte ee difference 
across each mai 
Solution: Given that, | 
Capacitance = Cie our ire | 
Capacitance = C, = 12 HF = 12 x 10° - 
Voltage=V = ar ee 


To Find ae ee yO : 
(i) Equivalent capacitance - Coy = 2° 
(ii) Charge on each eapacitor Bee? us Q= a7 


(iii) Potential difference across one capacitor Me ae 
Potential difference across second capacitor = V2 =? . 


Calculations: (7) Since the capacitors are connected in series, therefore, equivalent capacitance 
will be — 


ee ee 


oe = —_— + —— 
Car Ge, 
By putting the values 
rr Cees | 
C., O6pF l2uF uF 
eet es 
C.,  12uF 
12uF 
oF G2 
3 
C.qg = 4uF Ans. | 
(11) Since the capacitor are connected in series, therefore, charge on capacitor will be 
Q=CV 


Or Q=4«10°Fx 12V 
— Q=48 x 10° FV 


Q = 48 uC Ans. | 
(iii) | Potential difference across capacitor of capacitance C, will be 
Q=CV, 
Or . V i= Q 


— 48 
Our 


Or ¥ =SV Ans. 


Similarly, potential difference across capacitor of capacitance C2 will be 


Q=O2V3 
Or V3 = ae 
Ce 
Oy yeu Zt ug yan 
l2uF 


IS.1.101Tow capacitors of capacitances 6F and 12uF are connected in parallel with a 12V 
battery. Find the equivalent capacitance of the combination. Find the charge and the 
potential difference across each capacitor. | 

Nelution: Given that, , 

( pacitince = Cy = 6uF 
(apaciimee = Cy =12uF 
Voltage =V = 12V 


To Find 2 
ba Equivalent capacitance Cages 
( harge on one capacitor Q,| =? 
ii. (harge on second capacitor = Q2 =? 
‘ivi Potential difference across each capacitor V =? 
€ alculations: (1) Since the capacitors are connected in parallel, therefore, equivalent capacitance 
will be 
ane =C,+ C> 
= 6uF + 12uF 
Cu) = [SuF Ans, 
(il) Charge on capacitor ©; will be 
Q,=C\V 


Or Q, = 6pF ~ 12V 
Q; = 72 Ans. 
(iit) Charge on capacitor C> will be 
Pas 
Q2= 12412 V 
(2 = 14440 C Ans. 
(iv) Since the capacitors are connected in parallel, therefore, potential difference across each 
capacitor will be 12V. 


